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SCAVENGER COMPOUNDS 09/856616 
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FIELD OF THE INVENTION 
-n^ present invention reU.e. mo,ec„,« capable of acta, as scavengers of free 
.^^cals. ™e,a,s and reaccivc oxygen species, ,0 a n,e*o. for .heir prepar^la 1 L 
phamiaceuncal compositions containing them. on and to 



BACKGROOND OF THE INVENTION 

Jl <^=-s has 

Convmcng evttoce ousts by opposing «,e reactive oxygen species fROS, 
n^.3«. processes Ci.e., iipi. pe...,a,ion other .r«. hj^ous e^ 
^^an^-reacttve oxygen-species <An,i-ROS).an,ioxidan, compounds exert bLcia, 

a means .0 charactenze the total burden of pot«,tia«y harnrfiU ceactive oxygen species 
^. ar. pt^cn. in tissues as a consequence of routine ceiiular oxidative laboiil ^ 
both endog«,o. and exogenous conrpounds. The ter. itself is a' nrisnonter because 

^"itr: ""'"^^ ^^^-^ ^ --^^ - = <^p= oxidative 

--To .m^ate hp,d peroxidauon. superoxide tnus, first be converted .0 another 
. tea, speces such as the hydroxy, radical via dismutation .0 hydrogen peroxide 

m. CXhet. nray define oxidative stress as the production of ftee radica, species in vivo 
2* a number of species associated ,^.h oxidative stress ei«,er are no, radici ^ 
ladical speces that are not iriterently detetious. 
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Endothelial cells, smooth muscle ceUs and 
.U, n, , ^^^^ ^ 

me cardina/ impact of reactive oxyeen sner^e-^ n, • , 

- uvv.j'gcn species on the activity of EDRF 

te. vascular smooth muscle and inhibit platelet adhesion by activating 
- guanylyi cyclase (GC) and increasing intracellular cyclic 3' ■ Z 

monophosphate (cGMP) [2 31 PnPF • ^ycHc-o ,5 -guanosine 

P ^ Ml-; 12,3]. EDRJ ,s constitutively produced and also released 
from endothelial cells via recentor mA-^;,. ^ ^. released 

via receptor-mediated mechanisms after exposure to a nnrr,h.r ^.r 
chmcally relevant agonists (41 In P°sure to a number of 

gomsts [4J. In addition to EDRF, the vascular endothelium 
Pn^duces a number of vasoactive subst^tes f5] which act in concert with Eoi^t 
mediate endotl.lial control of vascular tone and platelet and monocyte ac^ty 
-nie mechanisms by which superoxide and otl,er ROS m.v . 

abnonnalities in EDRF action are diverse Suoerox d '° 
«„H r v . areaiverse. Superoxide may react destructively whh NO 

and hmit the biological activity of EDRF 161 y wnn NO 

r . ^ ^^J- Superoxide production mav lead tn 

^, formation of hydroxvl iBdicaU .«>,;^k ^ may lead to 

^20 ^- ""^^ endothelial cells TTl through 

.20 d'rect peroxidation of lipids and protein. RvW . /J through 

dismutation nf Peroxide is formed during the 

d_n Of superoxide and may, in addition to peroxynitrite, also oxidi^ avaiLle 
free and prote^ous thiol groups that may be important for EDRF action. Hydr^ge 
Tet: ^ -~--ed i,., . endotheli. 

ts efr«:ts on other physiological functions are complex, although oxidation of 

™:i"" ' ' "^^^ ^^^^^^ 

"^^-^ been 
ated m tissue damage .suiting from repelfiision injury and inflammation, and 
may be present in athereosclerotic lesion.. r«l n ■ "nauon, and 

implicated in . '^'^^^^^ have been 

•mplicated in a wide variety of biochemical proces.e. ^.a 

readtiv u/Jth Mr. . ^- • processes, and these species combine 
readily w,th NO leading to the formation of peroxynitrite 



m 15 

•is? 

m 
m 



S! 

f=1 



25 



2 



wo 00/31060 



PCT/IL99/0Od3S 

■ '-'■''■''""^-tivatio.ofEDRF.c^idaflved.pleHcn Of vi« thiol gK,„ps„«, 
be the mechamsm fltrough which ROS exert cell toxicity and dysfunction. 

Ample evidence exists .ha. links biological thiols to EDRF acuon and metabolistn 
NO ,s a reactive molecule fta. readily combines with a „un,ber of biochemical species 
producng a variety of denvative oxides of nittogen. These derivatives are themselves 
-eve and can fonu adduce wid, readily available sulftydiy, species under 
pi.ys,olog.cal conditions producing stable, biologic^ly active S-mtrosothiols tha, 
possc^ biochemical, vasorelaxant and platele. inhibitory p,.pe„ies both in viu. and in 
v-vo [9, 10). Because S-nitrosoftiols possess properties reminiscent of EDRF many 
have speculated that EDRF may be a nitrosoOriol talher than authentic NO (3). ' 

Tlriol availability ,„ mediating the effects of endogenov. NO and of exogenous 
NO^nors (,.e.. organic nitrates) is of critical importance (24). ,t was demonstrated 
tha. ti,e redox-sensitive ex..a/in,raeellular tiriol content may have critical implications 
no, only for EDRF (NO) acion and metabolism, hu, also regarding .he mechanisms b 
2 anti.ROS titiol-containing compounds may ptove useft., in p,.se„ing normal 
^11 lar funcron as well as preventing/reversing paSrological conditions involving NO 
thiols and ROS. . ' 

-me body is endowed agains, dre deleterious effecls of ROS. with a number of 

an„ox,dan. defense mechamsms, ,^ich may be divided imo three major groups The 

to. group. enzyma.ic antioxidanls. represen.s .he main form of intracellular 

anuox-dan, defenses and mainly includes SOD, catalase. and glutathione peroxidase. 

ae second group, nonenzymatie prorein antioxidant, is primarily found in plasma and 

mautly represented by OSH. and some proteins such as Uansferrin. albumin, and 

cemloplasmm. which also has e,^ma,ic (fertoxidase) activity. Ei„3jly ttte 

nonen^tic low molecular weigh, antioxidants are found in plasn^ extiacellul. and 

intracellular fluids, lipoproteins, and cell membranes Thi. „ ^ - • 

, ^ ^ memDranes. This group of antioxidants may 

be ftrtiter subdivided in.o water-soluble (i.e.. GSH. uric and ascorbic acids, and 
brhnrbm) and lipid-soluble antioxidants which are localized ., cell membtanes and to 
hpoproteins and include a-.ocophe,ol, p.caro.ene, and ubiquinol ,0. Oti,er 
endogenous low molecular weigh, species present in plasma and extracellular fluids 
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A possible „™ Of ™i„xid^,.„„,i„^ ^ 
decreased oxidauve modification of LDL. However recei,. ev H 

^vater- and NniH .„i M • . "'"^n" suggests that both 

^va.er and l.p.d-soluble anaoxtdants may have important physiological effect, 

no. dltectly „,at=. to the pro.ec.ion of tOL-a^in,, o.ida, o in Z ^ZllT 

effects Of antioxidants may no. bear di^ctly on HD^ actio^m ' 
^c^^tnal ,0 mfluence processes that a. ,no^ ,o .mpair .dox.ependen, It^It 

act. vity of agen. H.e vitamin E and p„. l^- 
(oxtd,^, <^ ^^^^^^^ ^.^^ 

cun^tly avatlawe antioxidants may advet^ly affect the course of the dllaset - 
which they ate indicated [12]. 

Thiols are mo. ccnttal to ce„„,.r antioxidant defense mechanisms than any o*cr 
ex.s,.„, antioxidant ptesen. in the cell (i.e. endo^elium. btain. sicin and other^^^s^^ 
However,*iol..ioxidant..ha.a.effectivei„vi.,o.may„otb.effecti.invi^^^^^^ 

ot;, d :' ""-^ - - — = - 

Unfortunately. GSH ,s not absorbed fiom the die. or .hrough fte sldn 
N^c„e .„eh p.vides o.s.eine for CSH syn,he.isld 1^ s 

nanse^ vomiting, and diarrhea greatly limit its Cinical effecUveness for entel 
admimstra^on. and i,s e«reme ins.b„i^ ,imi. its topical admi„is„a.ion t , 3' 

TT.US very few successfii, phatmacological in.erven,io„ strategies are cu^ently 

v.lable for ,he .rea.ment of endothelia, dysfUncHon and odier patltLgies i„:,: ^ 
oxidative stress and free mdica, injury. Vitamin E. viiamin C. ptobucol and p_e 
^nsn.n„ mos. of antioxidants c^entiy applied. Unfortunately, how^r 7^Z 
^ .sen. by itself Cor when combined wi. o«.rs, can ade,„a.,y addre. rOu,: 
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■ (U.. sKi. o. enWelia.) dy«n and otter oxidative s,re«..edia,ed paU.o.ogi« 
Bccau. Of U,e. W of a*. Uss. a„d o«,« cha™.eH«ics ^i. 

cu^ntly ava..ab.e a.,ioxidan,. can (if a, a.,!) oniy i„di„..y affec, EDRr „,eu^oH3m 
and acnon. ac. only on oe.«i„ ROS. and adva„=,y affec. ,he co„.e of fte disease if 
incorrectly dosed. 

L'>°--<'aA).isftcne„„y«fe,^,e3s-aunivcrsalan.ioxidan,"f>4) LA as 
.poa^ide. Ha. ,on, .een ,„o™ f„ , • 

.Hou^« .o be o„„ .,e. LA is .adily ,a^„ „p by a variety of ceUs and nssues and is 

72 n ^-^^ - - 

.» -o t,5.i.,. The .ducin, powe. fo. ,Ms comes f.. N^OH and NADPH 

N„ sn^dies have demonstrated *a, LA and OHLA are antioxidants 

T"*" radicals, and 

« ^er o:<y«en. a,.o cKe,a.es i.n, copper, and o*er transition metals. In addition to 
those spectes (mcluding transition metals) acted upon by LA DHLA , 

superoxide mdicals and petoxy, radicals. For example LA hash ^ 

... ^''^P'^' i-A has been sho\vn to modiiJate 

.e«„,a.. reductng cuivalent and titus favotahly affect complications of diabetes and 
■schemtc mjuty (17,. LA was also shown ,o protect against ROS-mediatcd btain 
damage following cebta, ischemia i„ vaHotts animal models f2, Mt pro,e«s against 
amtnoglycostde-induced nephrotoxicity [22,. Boft LA and DHLA were shol ro 
P-otec. agatnst pen^xynitritCKlependent tyrosine „i^,i„„ ^ ^p^a , -antiproteinase 

24,. ,n addttio. because of its bioconv„sio„ to DHLA. administration of LA has 
b«„ Shown to also regenerate od,er endogamous antioxidants. Cutrcn, evidence 
mdr^tcs dra, DHLA can reduce OSSO to OSH. dchydroascorbate t 
^emrdcHydroascorby, radical, and „bi,uitione. all of which can conti^bute to vitamin E 
regeneration fiom its oxidized form, as well as to reduce thioredoxin (25]. 

Studies employing diverse types of thiols have been carried out both in vivo and in 
v-tro. None of ti,e stirdies involving titiols have ever evaluated Ute role of tire diUtiol 
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a-lipoic acid (tA, ,Wo«ic acii .^^i^ioWS-valeric acid, 6.8-di*iooc«„oio acid) 
or analog, .hereof i„ EDRF or NO^onor. aoOpn as wC. as i„ od,. pad,olo6ies 
.nCudu,. scnescencccdia^d »ri„U,e fon„a.io„ of sWn in „ ^ 
in particular. 
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SUMMARY OF THE INVENTION 

It is an object of the present inventioa to provide compounds having scavenging and 
ant,.ROS properties, which overcome the limitations of the currently avaUable scavenger 
and antioxidant molecules. 

The compounds of the present invention are of the general foimula I: 




S— s- 

in which 

X denotes a 4 - 10 memebered ring; 

Ri and Rj are independently alkyl or alkylene; 

R3 denotes H, carboxy. amido, alkanol, amino, carboxyalcohol, 
alkanediol. amine alcohol, amine diol, thio or amine carbonyl; 

PO3H2 

R4 denotes H or -h — D _ 



-OH; 



PO3H2 

n and n' arc, independently, an integer from 0 to 8; 

D denotes CHj or NH; 
2 denotes a 4 - 1 0 memebered di sulfide ring or R4. 
and its salts. 
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Prefe^My X de„o.« a 4. 5 or 6 ..™be:«, ri„g an, z ^. 

sulfide ring or R4. 

Preferably R, and are C, alkyls or alkylenes. 

R, or R. or bo,h may be .„b.,,u,ed by subs.i,„e„« .elected fto. .he group „g of 
haloaen a... ba,o.e.M group. 0.0, hydroxy, earboxy, caiboxyalM. ai.oxy, allcoy, 
aikoyoxy. aryloxy, aryloy, and a,y,oy,oxy. amino. a>ky,anUno. diaUcylanUno. eyano 
»do and ni,™. a,io,. a.Mftiol. sulphonyl. »„,phoxide. d>ieny, tonyl. py^oly, 
imidazolyl. p„. ^iazolyl, i«.«,iazolyl. oxa^olyl. py,r„lidi„y,. pyrroliny. 
mlidazoUdiny,, i„i^o.iny,. pyra^.Miny,. .e,nd,ydr„fi^y,. p^,,, p^„^,_ 
py^zinyl. pyrida^iny,. ben^fl^,,, Uoben^ofbry,. indo.y,, oxyindCy,, i«,indoIy, 
indazoiy, indolinyl. 7.azaindo.yI. isoinda^ly,. benzopyrany,. ooun^ariny,. 
i.oeoun,ariny,, qutooly,, i.o,uin„ly,. naphthridinyl. cinnolinyl, quinazolfay,. 
pyridopyridyl. benzoxazinyl. ,„inoxadiny.. chron,enyl, ehromanyl. «ochron>anyl 
carboltoyl. subsdn^ or unsnbstoted alley, group, ^^^^^^ 
aryl groups. 

^e presen. inve^ion fteber Vetoes .0 a .eU,od for 4e preparation of a con^pound of 
general fomrula I eompri.ing fl,e step of perfonning reduetion or oxidation of a 
compound of the general formula U 

and a compound of the general formula m 
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in ae pr^ of a :^uci„g „ ^ ^ , ^^^^^ _ 
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BRIEF DESCRIPTION OF THE FIGURES 
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The p«.», inveMo., win be ^nd appreciated more Mfy fte 

fol.owi„, detaiied de^Hp.a. .aicen in co„J..cUoa wiU. appended i„ 

ng. . illus^,. .yntt,e.e sci^^e aecording ,o an en,b«di,ne„, of 



invention; 



Fig. 2 i,|„„^,« ^^^^ ^ ^^^^^^ ^ ^ 

embodiment of the invention; 

Fig. 3 compounds containing a five atom ring and a six atom ring 

aoeordme to an embodiment of the invention; 

Fig. 4 in^st^es compo»ds containing ^vo .ix atom rings accottiing to an 
embodiment of the invention; and 

Fig. 5 inust^^tes compounds composed of tlte alcohol, amide and ester ether 
-«de. phosphate and d,ami„e .om the same or diffeten, „„,^^. „^ ,„ ^ 
embodiment of tlie invention. 
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DETAILED DESCRIPTION OF THE INVEKnON 
Th. compounds of *o present i„ve„,ion >rc scavenger con,pounds which «e LA 
analogs designed according ,o ,he rational which will „„w be discussed in deKul. 

Nitrate tolet^ce he .egardcd as a "special fonn of thiol depletion" and me 
ab,l,^ of the compounds of the .nvention to inct^e cellular GSH and the av^lability 
of other Educing equivalents. n,ay p,.ve useM i„ preventing nitrate toletance. as 
-,de„, fron, d,e ,«„lts with lipoyl lipoate which. wl,e„ co-adntinistered wiU, 
conventional nitrates, cmrently in clinical use. pt^vents/retards tolerance development. 

Tk. remarkable ability of the imerco„ve„ion of disulfide <-> dibydto to affect 
cellular reducing homeostasis via modulation of NADH/NAD+ and NADPH/NADP* 
.■a.,os and other routes demonstt^tes how intimately the compounds of ,he invention 
can be connected to cell metabolism and redox states. 

"OOSH. the con>pounds of tlte invention a« readily absorbed fiom the 
y and through dte skin, transporred. taken up by cells and reduced to the dihydro 
form in various .issues, including the endothelial lining and the smooth muscle cell 
components ofblood vessels (see results,. The sulfhydty, (dithiol) thus fonned is also 
exposed ftom cells and can provide antioxidant protection to extraccUular 
compartment and nearby cells. Thus, like LA. d.e proposed compounds seem especiaUy 
P..m.s,„g as an antioxidant for Ae treatment of pathologies involving oxidative stress 
and free radical injury. 

Because of these charaCeristics and the ve^ low toxicity expected ftom these LA 
analogs, .hey may. like LA itself, be successfully used as U,e.peutic agents in human 
chmcal trtals for the treatment of conditions such as diabetes, ischemia-reperfusion 
mjuo. heavy meul poisoning. mdiaUon damage, neurodegenerative disorders 
mitochondrial cytopathies and HTV infection [18,20). 

Ample evidence exists to suppon the excessive vascular ROS production in 
atherosclerosU. hyp«.holes.erolemia. hypertension and diabetes mdlitus. Each one of 
.hese diseases is now regarded as a part of a synd^me ..ther than a disUna disease 
and, m concert, they constimte the "deadly cuartet", referred to as 'Reaven's Syndrome' 
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or Sy„d,o„e.X, Rece„,„, , ^„ ^„ «.n.™ici„,M„ced „epta«pa*y 

o .„v<>.v« .up„o.ide „.h„ ROS. Convincing .vi.enc a.c , .JJ 

ndnu.„a, dy.«.„c.ion accompanying :h«e diseases. Because of ,Hei, n.e., (.^ca,, 
^ave„«.« and a„«OS p.ope„ies. .He compounds of d,e invention „ay exen 
-nenca effect on ,He „a«., con.e and o„con,e of .Hese diseases as „e Z 
oU,er pad,o,„gies. ConsideHn. .„ei. p™.i,„, J 
^arac,ens,.cs as is so fa, e>.den. f.™ ..e .s„„s. and eve. incasin, den- J fo 

-0 ?' '""^ — ^ 

becon, p..o,o,ype a„,i^,i<,a«ve sn^ss-mediMed ce„u,a, dysft-ncion agen. This is 

especa,,. .™e consideHng evidence indicaUn, ,he invoiven.e„. of NO, ROS 1 

h.ois ,n a vane., of condition.. ,hc paU^senesis of „Hich as we,, as U,e «annen. fl 

^n«d changes ,„.„,.,„^ „^ - 

□ and ocuiar hype„e„,„, 3s*n. and od,e. .,a.ed .spi^io., diseases 

. —c,.,, neu.o,„,ica, and ne.ode„. ^ ^ ^^^^ 

Ai^cn.. ^d Pa*.„son.s diseases. ,nu,.p,e scie.osis and convulsive Csei^T; 

str'- T " """""^ "f-- 

la f ^ " 

aiseases (Crohn s disease and ulcerative coHtJc^ ri^.^ j j- 
ir, , , . , Ulcerative colitis), dnig and disease-induced neuropathy 

y and nephrcpatliy, pathological and premature ,,f.^ 

M ^ premature utenne contractions, chemoticiic 

5^ Phagocyuc and „«.er celiula, defense in,painne„, in i.„u„o,ogica, disoMen 

. a„o„ disonie., p„.nanc.-i„d„ced h^ension. cetebrovalnia. IXs' 
Pende e.c.io„ and „ 

pathologies, evidence also esfi^c , j « «ui or mese 

antioxidants. ^^-'^ -ous 

However, none of U,e cu„,„fl, available an.ioxidan.s addresses oxida«ve »ess ■ 
mediated ceilular dysfiincUon by avor,hl„ .■ , xiaaiive sttess 

p.ocess. dta, ,s. bv pro.ecung a,ains, ai, types of ROS. favon.b,y affecting eeliula, 

ir ""'-'^r**- ^'-"^ " - ~tion and recyCin, of otiter j; ■ 
endogenous a„.,ox.da„,3, and ye., being a snifhydty, .onor. is expend to favo..b,y 
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2^ fi,„c„o„. „„ a,. ,e,«ive c„„ce„.„,o,. of NO. ROS U,io,s. as w.„ . in U,. 

.«n .,„„e.. ,.e. co.po... B«a.e of .He. p.,„.i„, c, Jc!, , 
o,„„ca, ac.vl.v cHa^cWsUcs de«.. ,^ .,„,nca„. p„.e„.i ul 

for compounds of this type to «:erv*» h^tK l^icnuai exists 

P«l>oloS.es ,„v„,v,„g oxidative- stress and Aee raVlical 

fonoltr"" " " " ~ - 

I- Agents possessing „,i„,ida„, „ SOD-Hke activit, h.ve been shovvn ,„ 
PO,e„„ate „i.,i. oxide..ed,a.ed ...xation. both in vin. n„d i„ vivo. 

Z to ' '"'""'""^ «"-P'™-b,e, and potentiaij ' 

^ """-""^-'"'"■"^-'•--■"Po-css similar anti-ROSacivit, (see results, 

3. When LA is administered co„con,itantly with NO donors, it enhances its activity 
and retards tolerance development, boti. in vitro and in vivo (see .es.Us, 

endo!, r ''""^ ^^-^ - '^--^ -voiv.ng 

r; t " - 'iPoyMi^e ester o 

ester as .n the chemica, st^ctures of the invention is e.pected to fo,. a nove, 
anti-ROS-compounds, as the results show. 
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~ ■ ^-^-^ confound, 

a :rZ°"° " """"-^ ^"^^ 

The co™po„„a. of U,e ,rssem i„v„„„„ p„„,, 
con, a. a„ .„„<,.i^„, ^^^^^^ inCudin,: .,p„oL! 

an.o„ Mrox., .di... p„„,,„i,,,, p.„,,, - ^ J 

direct benef,t derived from removal of injurious RO«? .nH 

"jjuuous KUi> and an indirect benefit hv 

Tl« con,p<,unds of ,he invention may be employed i„ ,he ,r=ato,e„, of any condition 
~cd wid, o.da.ve ot f„e .dica, i,„, 

d.abe,es me„„„3, card.ovascuUr diseases (sneh as .schaemie hear, disease angina 

Z2 TT" -™ionld 
arrhytmna, asU™, «um. si,od< (bypovoium., neurogenic or septic,, nenrotoxiCty 

d^s«. amyon^phtc lateral sclerosis, mnitiple sclerosis, convulsive (sei^, disoniers 
Z; 7 and disorders wbicl, invCve processes of ,ean,ing and memoty)' 

Xlantntatory bo»e, diseases), d™g and disease-induced nepltropadues. pa Liogica 

r^'-^-' "-"^ — ■ -uiar defense Lpairl: 
endothelial dysfunction- nduced diseases • .- 

aiseases and insulm-resisiance in diabetes. 

reproducfve disoMers (e.g. penile section and tteatmen, of male impotence,. 
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cril r T "^"^'"^i to a form suitable for 

powder or a lipoid .e„,oI; for sub-togun. or buccd use, for JLple rtatwt^ 
c^ule; or for p^nteral us, (iacludmg in«v«ous. 

mt^vasouto or in«,do„,. for example a <«„le a,u«u. or oil soMo^ oTX^l"' 
In .general the above, ooinposition. m.y be p,.pa,«d i„ a eonv«fio„al ^T^Z 

ooa«„aoa e=^pie„.s. usi^g «and», ^H^i^ue. weU taow,. ,0 tt,o.e 3^^^^ 
oflJhacmacy.lWeiably. the oompouad is adirimstered orally. 

„mv^H °'^,^''*^<'°. compounds of d,e invention will g=„eraUy be 
P«v,dod in the to of tablets or capsules, or as an aqueous solution or suspensi^ 

bb.m, "° """"^ '°P«Bem mixed with 

Phtenaceutically acceptable «oipien.s such as iner, dUuents, disintegrating 

a^ts. lutaic^ing >gcnu. sweetening ag«.ts, flavouring agS^tlX' 

sodtun, and oalctum phoaphale. and lactose, while com starch and alginic add al 
^^ed^tegratrngagents. Binding agentsn^yi^^^^^ 

^ fiyceprl distearate, to dday absotption in the gasirolatestiM! tract Cansoles for or.i „„ 
U ;^"<^^'»^Sclatincap.ulesinwhich,hoac.veingr^=„.i.^^ 
" r:^uf!^ ~ .^v. ingredient is tnixed With water iloU^h 

. " " i»«»<«cnlar. intraperitoneal 

pnmded » strale a^ «„„aons or suspensions, bnffired to «, appropriate^ 
tso.on.aty Suitable atpreous vehicles inclnde Ringe^a solution and^r^Sil 

^th. -ngr:^rr.r^r~r ;r 

suspensions include ethyl and n-ptopyl p-hydroxybcnzoate. ^ 
It wiU be appreciated that the invention is described by wav of , 
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Synthesis of Compounds 

The fbUowing an; onJy representative pnx:edures for ^vr^th.^. ^ , 
con^unds. n,e co^poand. for which the method of ^^oZonT^J :lT' 
were pu^.efuu, .elected a. to rep^seot the S^n^^oTZ^T 
compoimds from aU «jmn!s denicK„» rf,- ^ 6 approach used to prepare 

To synthesize compoaods Uke Ihoss depicted in , ,„v , , 
ast be convene, ^ d,e active aldehyde toL (A " Tt^ 

■ n^r. ,, aldehyde was iu^y —T Z'T^ " 
: co^sponding aicohol. Using lipoic add as Zo^^"" t 

. ^''"^-«'«^«-P-P«ticncfthedeoho.icptecn«,r' ' ° 

The acid (0.25 M) is dissolved under nitroHen atrr,n«,i,« • -,.0 
(fitishly distilled) tetrahydrofuxan (THF) aJid cooled t S*" ' ^ of diy 

Aldehyde. iir^.,T.nH'»^ 

The alcohol (0.25 M) ifi dissolved In 250 ml of AUui 

The- solution is fiJtemH ^r.^ ^ - . '"''""Oi nas disappeared by TLQ. 
uaon IS altered and the otgamc solvent is washed twice wJfh . ^. 

portion i. used for the coadensati«, ^'^^^^T^tT'^ 
condensation, the same aldrfiyde or co«U„.v, ~r^.E^"^- '3T« 
etbano. and cooled on an J^C^^JZf"11 "i**""^ -^'^^ 
is added dropwise and theZnS^^ *°'"'^'^*"^«'"«'™ 

<ne mtaore stnrcd ovenugh. under nitrogen atmosphere. 



^OOmnSO PCr/«L99AHMi3S 

Bqpendiag on tho structure of the aldehyde, TLC analysis asually teveals the completion 
of ihe condensation reacUon within 12-24 hours. An c<^ual volume of water is added and 
th^ Inaction mixture is extracted thi^ times with ether. The ether extracts (ci,ntainin£ 
ctHanol) IS dned over sodium sulfate and evaporated to dryness. The residue is appUed 
onto a sUica gel column (200 g) and eluted with a chlorofoim:hexane:ethyl acetate 
mature (2:1:1). n^e resulting aldehyde (or mixhare of aldehydes) was recovered in 
vafying good to excellent yields. 



LipoIaJ (0.5 M) is dissolved in 100 ml of dry ethanol and -the mixture cooled on 
an ice bath. 10 ml of cold 50% ethanolic sodium hydroxide solution is added over 10 
minutes and the mixture stitrrod under nitrogen atmosphere ovenughL The reaction is 
quenched with 100 ml of cold water and extracted twice with 150 ml of diethyl ether • 
•nie organic layer is separated and dried for an hour over anhydrous sodium sulfate and 
evaporated to dryness. TUe residue is applied onto a silica gel coluimi (100 g) and eluted 
as described above. The pure aldehyde is recovered in 81% yield A portion (0 1 M) of 
the aldehyde is dissolved in 50 ml of THP and added dropwise to a cold 02 M 
si^pension of argentum oxide freshly prepare from the addition of argentum nitrate to 
100 ml 0.1 Msodiumhydroxido solution. The reaction is stirred on anicebathfora hrs 
dufmg which the conversion of the aldehyde to the dcid is monitor«i by TLC analysis 
U^n completion, the reaction mixmre is neutralized with concentrated hydrochloric 
acid and mmiediately extracted with two portions each of 150 ml of diethyl ether The 
ether layer is separated and dried over anhydrous sodium sulfate and evaporated to 
dryness. The solid residue can usually be crystallized from amixture of ethanol water to 
furtiish a high (>90%) yield of pure compound 1. 

Compniirij 

Compound 1 (0.05 M) is dissolved in 50 ml of dty dichloromethane and added 
to a cold soludou of 0.06Mof DCC in 50 ml of dichloromethane. The ruction is stirred 
for half an hour on an ice bath. N-Hydroxy succinimide (0.075) is added and the 
reaction stin^ overnight mrder nitrogen. ITie reaction tnixtur* is filtered and the 
precipitate washed twice with 30 ml of cold dichloromethane. The organic layer is 
evaporated to half its original volume, filtered again and added dropwise to 100 ml of I 
Mfcold solution of ammonia in methanol (Aldrich). The reaction is stined for 15 houiB 
r^ou which the organic. solvent is evaporated to dryness. The solid residue is 
recrystalized fitom dioxane to furnish 87% of pure compound 2 
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The condensation product of lipolal (0,05 M) is separated on silica .column as 
described above. The pure aldehyde is dissolved in 150 ml of dry THF and cooled on 
anice batk A cold 1 M borane-THF solution is added dropwise under nitrogen and the 
reaction monitored by TLX; analysis until the aldehyde is completely reduced (usually a 
slight excess of borane is used). The reaction is immediately quenched with cold 
methanol and evaporated to dryness under reduced pressure. The viscous residue (more 
then 95% pure) is fxlrther purified by application onto silica gel column and eluted with 
ethyl acetatexhlorofonn (1:3) mixture. The ejuate is evaporated Under reduced pressure 
to furnish a 76% yield of pure compound 3. 

Compound A\ 

Compound 3 (0.06 M) in 50 ml of dichloromethane is added dropwise to a 
solution of triphenyl phosphine (0,1 M) containing 0.15 M of zinc bromide and a 
catalytic amount of l,r-azobis(cyclohexanecart)omtrile). The reaction is stirred for 8 
hours or until TLC analysis shows the complete conversion of the alcohol into the 
bromide derivative. The reaction mixture is filtered and the filtrate washed with 
dichloromethane. The filtrate is mixed with an equal volume of n-hexane and filtered 
again. The filtrate is then evaporated to dryness. The resulting crude bromide is then 
extracted by trituration with hexane. The combined hexane triturates are evaporated to 
dryness and the residue applied onto a silical gel column and eluted with 
dichloromethanihexane (l;l) nlixture. The organic solvent is evaporated to dryness 
under reduced pressure and the residue dissolved in chloroform (50 ml) and added in 
one portion to an excess solution of ammonia in chloroform. The reaction is stiired for 
10 hours at room temperature upon which it is filtered. The filtrate is evaporated to 
diyhess and the residue dissolved in 15 ml of chlorofonU and applied on aluminum 
oxide column- The amine is ehjtcd with cUorfotmrethyl acotate:triethyl amine (1:1:0,01) 
mixture. Evaporation of the solvent furnished 82% yield of pure compound 4- 

Compoond 9; 

Lipolal (0.05 M) and 6^9-dithiane nonanal (0.05 M) are dissolved in cold 100 ml 
of ethanol containing 3 g of potassium hydroxide- The reaction is monitored by TLC 
and processed for separation of the four possible products (see synthetic scheme 1) by 
chromatography as described above to furnish, after oxidation with silver oxide, an 
almost equal amounts of compound 9, compound 1, and coropotmd 17* 
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coinpa^T""" " '^'^'^ - procedure =s for 

^"'^'^'^ synthesized from the aldehydo precursor of compound 9 as 
described for csompound 3. mpuuua as 

-Comoounrf n?.; 

Compound 12 i. synthesized from the alcohol precursor, via the bromide 
intermediate, as described for compound 4. 

CottiptninH 17. 

mHH. ™^ ''TT'' "^"^"^ ^ °' P^d^'^ts of the reaction 

tmx-faie as descnbed for the synthesis of compound 9. 

^ tbe preparation of compound 2. ^wcuior 



m 



This compound was obtained from the reduction of the aldehyde orecm-sor of 
g compound 17 as described for cotnpound 3 ^ 

Ni 

W Coftipon^^ ;>/>. 

<ienvative, as described for compound 4. 
Compoiitnl gg. 

mcttods of ««r »d amide preparation. For exm-pie. confound 25 i, eadly 

^.»lby.ea„ir«for3.5ho™o,e,w.oto,n.ou^^ 

^^.^ "^""^ "»»'of conc«.««ed »lfunc acid. Ti. b^ne 

X^d^i^'r^r^'' C-^aeosrap,^ c aiUca .e, . ^rrruai. pure 
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su6cesslvely washed with wntr*- «:c:. „ » • , reaction mixture is 

- , , . potassium carbonate solution 5% hvrf«,^t,i - 

ac,d solut:on and saturated sodium chloride, dried on a.U,ydrous 

evaporated to dryne„. This usually fi^ruishcs the prod:^^: ^^^"0^ t iT 
on th© fiuritv of thf- r^«„*«-* tii^oic ronn, or, dependme 

uic. puniy or tfle reactants, may necessitate the purification hv r-k, . . 
ftimish pure compound 26. punfication by chromatography to 

Tho ester (compound 27) and the amide (compound 28) are nren«r.^ • • 
way as compom:ds 25 and 26. respectively. ^ ' '"^^^ 

with J''''' ""^^ ^^^P^"' ^^^"^'^^ ^« -tivai^d ester of the acid 

pifilT'"^ ^^"^ ^iphosphonate derivative. The resuirin, p^s 1 
purified by chromato^hy to ^sh the title compound in a fair to ^ood ^eld 



■S brnn,-^ ™' synthesized by reacting excess Hpoamine with linovl 

J b^de. when^as compound 3 1 is obtained by reacting the bromfde^varv^ of I 
P^orswithsodimnsulfideinacetomtrileorDMF ^uae denvatves of the 



^ Results 

yj I. Prevention of nitrate tolerance: 



ttMiTnT^T ^ °^ nitojlycerin (NTG) bcfcn, and rite pre 

»«^t «d> compos* (50 n>g*8) admtafctoed tot«p«itone^y. Compomri 
^2 from figo,. 1, con>poun<U 9 and 10 fi,„ flg^ 2, componnd. I7^T^ 

««««c,:pr„p,:a„eg,yool,wa,er(ia:„ ^n^ZnU^ itZ tZ^^' 
hodr befce NTG adnUatefc^on. One n^„,e after thTl^ ^ °™ 

Phosphate buftr .oluaon conratata, 20 EOTA andl^^^liT^'l."'.: 
nittogsn and stored at .70- imtil analyzed. Next dav tb» riT^ 
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phosphate buffer, «fuged and the supernatant collected intolKther tube. The poUcl 
was washed v.th 1 ^ buffer, vonex-n^ixed, centrifagcd and the supemati^t adJS to 
th. Be«,ad mbe, 2 xnl of acetomtrilo were added to the tube contaiuine the combined 
extract and &e tube voxtex-mixed, ceHtrifoged and the supernatant collected to another 
clean tube. The aqueous-acetoniltile solution in this latter tube was evaporated to 
dxyness and the residue dissolved in assay buff<^. The cGMP content of the solution 
was^^temuned using a radioimmunoassay (RIA-Amersham) as pieviously reported by 

following describes representative cGA^P values from aorta treated only 
with NTG or with NTG aiter pretfeatmenc with the compounds (given for compound 1): 

cGMP (pmol/g tissue) 175±I3 216±21* 

♦Significantly different from MTG alone Cp<0.005). 

Thus, compound 1 significanUy increases tissue guanylyl cyclase response to 
mtrates. Similar significant increases were also obtained when pte-tleatttent was 
performed with other compounds (see above). 

b) Prevention: Rats wenj administered a continuos infusion of NTG known 
to mduce tolerance [26.27J with or without concomitant administation of the 
compounds (the same tested for the acute effects). The compounds were admhustered 
eiUier m continuos i.v infusion or intr^ritoneally in 4 separated doses (q 6 hours) The 
effects on vascular (aortic) guanylyl cyclase activity was then evaluated as described 
abo(ve fot control rats. 

cGliIP (pmol/g tissue) 64±9* 183±14** 

^Signific^tiy different fromNTG alone treatment of control rats and denotes tolerance 

t T"""" "^'^'^ "^^"^ ^ ^ -n^ol rats 

and denotes the lack of tolerance development to NTG effects on vascular cGMP. 

^^^-P^^f'^ataient with compound 1 prevents tolerance development to NTG 
Similar results were obtained when other compounds xvao tested. 

n. Protection against streptozotocin-induced diabetes 

(Sprague-Dawely) weighing 200-250 g were treated by a single tv. dose 
Of str^ptozotocin (STZ, 50 n^) th^u^fa the taU vein to induce iiabetc; 1^^ ^ 
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Weight (grams) 
Glucose (mg%) 
Lipids (ing%) 



Con. Tatfj 
I85d:l9 



176±23* 
314±36* 
319±31* 



206±27** 
I79±29** 
226±29** 



These results elearJy demonstrate the protective effecte nf 
compUcation of streptozotocin-induced diabetes T^^^^^^ of compound l oa 

kno^ to involve oxidative str^s ^d free 11^1: 3^^1"^' ^""^ 
beneficial antioxidant^anti-fi^ radios effects of , . demonstrate the 

application. compounds suggested by this 

nil Protective effects against coUtis 

effect of a«Sc acid ^dfflil^staaioB on tte de^<I!^ , t ^ "'^ ^= 

fiee radical injuiy -raese faolodTn uTT 

table in ^A^^^T^ T' ^ W) «Pr=3sed in the fbliowi,^ 

"ujie niiHAK!. units as mnol/mgptDtoin of colonic tissue 31 P,v,f.i ■ 
(PCC, expressed in ^ foUowin/T^lc in r^oZTZ2 "TZ^'^'T^' 



LP 
MPO 



Crmtrnt j^^^ 
0^3±0.01 
0.05±0.01 
0.0004*5% 



LS±0.03* 0.75±0.02*$ 



0.7±0.04* 
0.02±18% 



0,07±0.02*$ 
0.00075±10% 



These results clearly demomtmte the beneficial effi«^« ^ . 
were also obtained for other conqKmnds as defeiJed 
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These effects were evaluated in human (male and female) volunteer, ^ho 
suffered from either a condition of melasma or papules on the back skin'with no 
mfcctive etiology. Additionally, the effects of compounds 1 and 2S we«. studied in 
ferfaale volonteet. subjectively suffering from enhanced tvrinkle fonmtion on the facial 
skm. Here, the beneficial effects of both compounds were assessed by the volunteer 
huhselfiOierself. by a third paJty unaware of the treatment, and objectively by the 
mvestigator who follows up these volunteer.. The results so far obtained clearly 
demonstrate the superiority of both compounds on any other currently available formula 
mdicated for these skin conditions. The compounds were adhunisteied in 2% emulgcl or 
2.5% aqueous cream preparations. No significant difference between these two vehicles 
was observed, nor doe^ an increase in the percentage of the active ingredient found to 
affect the final results. 



w 

3 

a 



23 



10 



wo 00/31060 - 

PCT/IL99/00638 




I. w." b. wrectated by p««,„s skilled in Ac an ,he p.«ea. invention is no, 
l.m.te<i by what has been particularly shov« and d«cnbcd he„i„ above. For example I, 
should be understood, .ha, figun^s 2-5 conmin represe„«„ive exan,ples ..fleeting ti.e 
concep. of ti,e presen. invention. For example. ,he compounds depic.cd in figure 2 are 
obm,ncd from .he co„de„sa,ion of 2 molecules of ti,e same slrucu.. (symmeWc 
condcnsalion), wl,ereas .hose in figure 3 are ob,ained ftom .he condensation of 2 
differen. compounds. Thus, i, is obvious .ha. condensation can give rise ,o a mix«,r. of 
compounds in which .he rings are swi.ched and d,e condensa.ion can Wee place from 
enher side, as shown in figure 1 . That is, when compounds A and B are condensed, four 
oonde„sa.ion prod..c.s are po^ible of which only ,-ep,.senta.ive produce are shown in 
figure 3. 

Rather the scope of the invention is defined by the claims which follow: 
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